The aerodynamic noise characteristic of a multi-blade centrifugal fan was studied by using numerical analysis and experimental test methods respectively. The unsteady flow dynamics analysis method and aeroacoustics based on finite element method were used to predict the spectral characteristics of noise of the fan. And then the spectral characteristic of noise of the centrifugal fan was measured in a semianechoic room. A good match was obtained respectively by using the numerical analysis and the experimental test. Based on this work, for now, the numerical analysis method of aerodynamic noise can be used to judge qualitatively the noise level of multi-blade centrifugal fans by adjusting the unsteady flow analysis model.
Introduction
Multi-blade centrifugal fans have a high flow coefficient and high head coefficient, which were used widely in air conditioning and ventilating systems. As the major power source of the ventilating system, the noise level of the multi-blade centrifugal fan has great influence on the global noise level of the whole system. Therefore, it is of great significance and necessary to study the noise characteristic and noise-reduced methods of multi-blade centrifugal fan. And the research work can improve the noise performance of the multi-blade centrifugal fan.
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As for the noise reduction problem of the multi-blade centrifugal fan, currently the research focus mainly concentrates on the treatment of the blade and the volute tongue based on bionics and the mechanism of the noise reduction based on bionics by using experimental and numerical methods [1, 2] . On the other hand, the redesign of accessories of a multi-blade centrifugal fan [3] and the arrangement form of blades of the impeller [4] were also studied in order to reduce the noise level of the multiblade centrifugal fan. As for the prediction of the noise level of a multi-blade centrifugal fan, the experimental test was used widely [3] . The research on the noise of the multi-blade centrifugal fan by using numerical method basically remains academic [5] [6] [7] . For now, the computational aeroacoustics method was mainly used to analyze the simplified multi-blade centrifugal fan model, such as 2D multi-blade centrifugal fan model. Or a simplified computational method was used to predict the noise level of a multi-blade centrifugal fan. It is rare to be seen for the research with a real multi-blade centrifugal fan 3D model as research object by using numerical analysis method [8] . The major problem associated with the computational acoustics is its high relative error as compared with the noise test result. The result obtained by using numerical analysis method cannot provide a good reference and suggestion for the noise reduction of a multi-blade centrifugal fan.
In this work, a typical low pressure head multi-blade centrifugal fan used in an air-conditioner was taken as the research object. The unsteady computational fluid dynamic and computational acoustics based on finite element method were used to predict the noise frequency spectrum characteristic. Then a noise test was conducted for the same multi-blade centrifugal fan. The results obtained respectively by using numerical method and experiment method was compared and discussed in this paper.
Research object
As shown in Figure 1 , the low pressure head multi-blade centrifugal fan which was used as the air supply fan of the evaporator side of an air-conditioner was taken as the research object in this work. Two same multi-blade centrifugal fans were driven by using the motor in the middle. The rotational speed of the motor is 1460 rpm. The impeller of the multi-blade centrifugal fan is shown in Figure 2 . The total blade count is 54 and the blades were arranged evenly along the circumferential direction. The whole blade was spitted into two segments for easy installation.
Numerical analysis method
A geometry cleanup was conduction for the original multi-blade centrifugal fan model, the hub, inlet collector and volute outlet device of the multi-blade centrifugal fan. As extracting the fluid volumes from the real solid model, the two entrance pipes on the side of the multi-blade centrifugal fan were extended toward outside and the outlet of the volute was also extended along the normal direction. The final computational fluid domain is shown in Figure 3 . Unstructured grid was generated for the computational domain, and boundary layers were added on the solid walls of blades and volute inner walls. The total computational grid node is about 8M, as shown in Figure 4 . The unsteady analysis method was used to compute the fluid field of the multiblade centrifugal fan. The Reynolds time-averaged Navier-Stokes equations were solved by coupling the SSG Reynolds stress turbulence model. The siding grid method was used to for the interface of the impeller and the volute. The rotational speed of the impeller is 1460rpm. And the boundary conditions were set up as following: As for the inlet boundaries, the total pressure, total temperature and velocity direction were specified. As for the outlet boundary, the mass flow rate specified based on experimental test result. In order to accelerate the computational progress, a steady case using the same boundary conditions was conducted first. Then with the converged steady result as the initial filed, the unsteady fluid analysis was conducted until the monitored pressure beginning periodic fluctuation near the outlet of the volute. Another one cycle unsteady analysis was conducted and the pressure information on the impeller blades and volute walls was exported by using CGNS format.
With the pressure information obtained from the unsteady fluid field computation as the input, the sound field was calculated after adding field point grid by using acoustic finite element method. According to the computational result of the sound field, the frequency spectrum curve at the measured point in the experimental test was extracted and the sound pressure level contours were also generated.
Experimental test
As for the multi-blade centrifugal fan, an experimental test was conducted in a semi-anechoic room. The arrangement of measured points of noise was shown in Figure 5 . Based on the experimental result, the noise level and frequency spectrum of the multi-blade centrifugal fan was compared with the results predicted by the numerical method. 
Results and discussion

RESULTS OF FLUID FIELD COMPUTATION
The predicted aerodynamic performance, such as the total pressure head, the total pressure efficiency, of the multi-blade centrifugal fan at the current 1460rpm rotational speed by using the steady analysis method shows a good match with the valued obtained from performance test. After the grid near the volute tongue and blade was refined, the aerodynamic performance predicted by the unsteady analysis method gives a better match with the experimental result. The relative error of the total pressure head and the total pressure efficiency of the multi-blade centrifugal fan is less than 1.5%. The following sound field analysis was conducted based on the refined grid at the operating condition.
The static pressure distribution on the middle section for each segment of the impeller was shown in Figure 6 . It can be seen from the figure, the global distribution of the static pressure from the inlet to the outlet of the volute is reasonable. The air begins to accelerate near the volute outlet and the volute tongue, which results the two low pressure regions as shown in Figure 6 . The Figure 7 gives the distribution of the turbulence kinetic energy on the middle section of each segment of the impeller. There is a high value region near the volute tongue, which should be a sound source for this multi-blade centrifugal fan. The same high value regions can be seen from Figure 8 , especially near the regions between the volute tongue and inlet collectors. 
RESULTS OF SOUND FIELD COMPUTATION
Based on same computational domain as the fluid field analysis, the computational grid for sound field analysis was generated. In order to obtain the sound frequency spectrum characteristic from the same position as the experimental test, a field point grid was added too. As shown in Figure 9 , the point which is 1000 mm away from the outlet face of the volute was the measured point.
As shown in Figure 10 , the sound pressure level distribution for different frequencies is shown. The analysis result has shown a direction to improve the noise performance. Based on the computational results, several treatments were used to reduce the noise level of the multi-blade centrifugal fan. 
COMPARISON OF NUMERICAL AND EXPERIMENTAL RESULTS
As shown in Figure 11 , the sound pressure level predicted respectively by numerical and experimental methods basically match except individual frequency band. The relative error for each frequency band for the numerical simulation as compared with the experimental result is less than 5%. And the numerical and experimental results show the same distribution trend. Which indicates for the current low head multi-blade centrifugal fan, the computational acoustics analysis can give an effectively prediction if the fluid field of the same multi-blade centrifugal fan has been adjusted suitably. 
